ABSTRACT: Coffee cultivars that are better adapted and more productive can help reduce production costs and make coffee cultivation more profitable. The Mundo Novo cultivar has stood out as one of the most productive cultivars of Coffea arabica L. Therefore, the aim of this work was to select Mundo Novo progenies with high bean yield capacity and with other agronomic characteristics of interest. We evaluated the bean yield, seed size, plant height, upper and lower canopy diameter, stem diameter, and plant vigor of 24 F 4 progenies and one check cultivar. The experimental design consisted of a randomized complete block design with three replicates and experiments were carried out in two sites: São Sebastião do Paraíso (SSP) and Três Pontas (TP), MG, Brazil. The mixed model approach was used to calculate the genotypic value for each progeny, after which the selective accuracy and genetic gain of the two best progenies in each trait were calculated, the simultaneous selection index of Mulamba and Mock was used to select the two most promising progenies at each site. In general, the genetic gain was higher at SSP than at TP. In SSP, the most promising progenies were 1 
INTRODUCTION
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Instituto Agronômico -Centro de Café 'Alcides Carvalho but exceptional growth and productivity. The seeds for this crop came from another farm that originally collected the seeds from the city of Jaú. Researchers who visited the farm were provided with the seeds from Jaú that was subsequently cultivated at the Aparecida Farm to form a crop similar to that previously established. The owner reported that the seeds provided for the formation of this crop came from another crop in a property Thus, the objective in this work was to select "Mundo Novo" coffee progenies with a high productive capacity and other agronomic characteristics of interest.
MATERIAL AND METHODS
The hybridizations were carried out between "Mundo Novo" and "Mundo Novo" progenies and between "Mundo Novo" and "Bourbon" progenies. Twenty-four progenies from the F 4 generation were obtained at Machado-MG.
Two experiments were carried out in a randomized complete block design, both with three replicates and 24 treatments with one common check (Mundo Novo IAC379/19 Plant sowing and care were performed in accordance with the technical recommendations for the crop.
Evaluated traits
Yield: The harvests were performed manually in both sites during four crop years. The beans of each plot were weighed, and the yield in processed coffee as bags/hectare (sc ha -1 ) was determined (BARTHOLO et al., 1989) . In 2015, the plants that were eight years old was evaluated by the following traits: Seed size (%S17), measured on 300 g samples of processed beans that were classified on a set of sieves specific for the classification of coffee based on size of the raw beans, which were classified into only two groups, i.e., those that passed through sieve 17 and those above, representing the coarse flat type beans; Plant height, measured using a graduated at Mineiro do Tietê, whose plants would have been produced from seeds of a plant that had been grown on the edge of a dirt road at Santa Terra farm. From this plant, seeds were collected to form other crops in the region (CARVALHO et al., 1952) .
After research efforts by the IAC, there are currently several cultivars of the "Mundo Novo" group available in the market. In the breeding programs, the "Mundo Novo" cultivar has been used mainly as a parent, with the purpose of exploring its high bean yield, vegetative vigor, and rusticity (PEREIRA et al., 2010) . In addition to these characteristics, this cultivar has been considered important because of market demand and other traits such as quality, size, stability, adaptability, and others.
The breeding programs have developed varieties of coffee to increase productivity and other important agronomic traits and adapted to local climate and soil conditions (PETEK et al., 2006) . However, the cultivar responses differ in different environments because of genotypeenvironment interactions (PINTO et al., 2012) .
The use of more refined genetic-statistical procedures, such as the mixed model approach, is a trend in plant breeding. These procedures provide additional parameters relevant to the identification of superior genotypes and to obtain more precise estimates (RAMALHO; ARAÚJO, 2011) .
Selecting plants to improve several characteristics simultaneously, to obtain more advantageous cultivars than the preceding cultivar is a great challenge (RAMALHO et al., 2012) , mainly for perennial crops (OLIVEIRA et al., 2011 , CORRÊA et al., 2017 ). An alternative is the use of selection indexes that have frequently been used for selection in various plant species (VIEIRA et al., 2017; SILVA et al., 2017; GHOSH et al., 2018) . One of the simplest methods is that of Mulamba and Mock (1978) , which consists of an ordering of the genotypes for each one of the traits in the order most favorable to improvement, and subsequently, the orders of each genotype referring to each trait are summed, resulting in an additional measurement taken as a selection index (CRUZ et al., 2014) .
An important point to increasing the selection efficiency is the use of statistical methods that have the advantage of obtaining the most information about genotypes, resulting in accurate estimations or predictions of breeding values (PEREIRA et al., 2013; BERNARDO, 2010) .
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rule, from the base to the apical meristem; Upper and lower canopy diameter, measured using a graduated rule considering the reach of the largest branch (cm) in a transverse direction to the planting line; Stem diameter, measured with a caliper 10 cm from the soil surface; Plant vigor, scored from 1 to 10 based on attributes of plants in the field, in which 10 corresponds to plants with the best development and greatest plant vigor. The scores were based on the general aspect of plant as suggested by Carvalho et al. (1979) .
The analyses of all traits were conducted based on a mixed model with random effect for the progeny factor and fixed effect for the blocks, expressed in the following equation:
where y is the data vector; m is the vector representing the constant and blocks fixed effect; p is the vector representing the progenies effects, where;
e is the error vector, and; X and Z are the incidence matrices of the fixed and random effects, respectively. We used SAS (SAS Institute, 2009) with PROC MIXED procedure.
The E-BLUP (empirical best linear unbiased prediction) for the genotypic values of the progenies was carried out subsequently.
We estimated heritability associated with the individual means by the following expression:
where is the variance of progenies;and is the variance of error. The heritability associated with the plot mean was estimated by the following expression:
where is the variance of progenies; is the variance of error; and j is the number of replicates. The square root of heritability provides the selective accuracy (SA) estimate.
For selection, the progenies were ranked in the order of favorability for each trait. Thus, the methodology of Mulamba and Mock (1978) detailed by Cruz et al. (2012) was used. In this methodology, after the ranking of each trait, the sum of the positions in the ranking is then carried out. The two progenies selected in each site were those that showed the lowest value in terms of the sum of the positions.
The genetic gain was quantified by comparing the general average of the population with the check in each trait. The method used was presented by Vencovsky (1992) by the following formula:
where ds is the selection differential (sd), which is the difference between the mean of the selected genotypes (X s ) and the general population mean (X 0 ) or check (X t );
and is the herdability associated with the plot mean.
In practical terms, the percentage of selection gain was obtained as follows:
RESULTS AND DISCUSSION
Resende and Duarte (2007) has proposed a scale of accuracy, ordered in levels of experimental precision that are considered high at values higher than 70%, average at values between 40% and 70%, and low at values between 10% and 40%. These parameters indicate whether the experiment has been carried out appropriately and the predicted genetic values are fairly accurate.
In EFSSP, the mean SA level of the progeny ranged from 31% to 92%. The values were considered low for plant height and average for plant vigor and yield, and for other traits, the SA values were classified as high. The SA values associated with the individual means ranged from 40% to 64% and were considered low for plant vigor and height, high for lower canopy diameter, and low for other traits (Table 2) .
In EFTP, the experiment generally provided good precision, with mean SA levels in the progeny ranging from 60% to 83%, close to the values found by Silva et al (2017) (74.89% to 91.28%) in conilon clones, suggesting reliable genetic progress in response to selection (Resende, 2007) . The average accuracy values for productivity and for the other characteristics are high (Table 2) .
In both sites, the SA values at the individual progeny level were lower than those at the mean progeny level for all traits, which shows that the selection will be much more efficient when considering all the progeny plants. 
Experimental Field of São Sebastião do Paraíso
The rankings and genotypic values of each variable are presented in Table 3 .
The mean yield ranged from 22.4 sc ha -1
(progeny 18) to 28 sc ha -1 (progeny 22). Because of drought and high temperatures (CONAB, 2014 (CONAB, , 2015 , the mean yields of the experiments were low in 2014 and 2015.
The classification by sieve size has been an important criterion in selections for superior plants; it is a characteristic related to bean quality, in which the larger seeds present superior physiological qualities (GIOMO et al., 2008) . Batches with larger quantities of large flat beans are more valued (BARTHOLO; GUIMARÃES, 1997) . In this case, the trait %S17 ranged from 22.4% (progeny 22) to 42.9% (progeny 17). The selection of shorter plants has been a priority for coffee breeding programs, especially for mechanized regions; non-significant correlations between height and yield have been found SEVERINO et al., 2002) . Among the evaluated progenies, mean plant height values ranged from 3.24 m (progeny 9) to 3.28 m (progeny 23). This is the characteristic that showed the lowest variation among the progenies, confirming the low selective accuracy (31%) in the mean progeny level at this site.
The capacity of high-density planting progenies is useful information to the breeder, since the larger the number of plants in the stand, the greater the average productivity of the field over the years. Moreover, taking the average over a number of years (PEREIRA et al., 2007) tends to attenuate adverse environmental effects. Estimating the plant density involves measuring the canopy structure and dimension of the plants. The lower canopy diameter ranged from 2.03 m (progeny 14) to 2.53 m (progeny 9). The upper canopy diameter of the progenies ranged from 1.75 m (progeny 17) to 2.01 m (progeny 15).
Among the evaluated progenies, the stem diameters ranged from 73.6 mm (progeny 21) to 80.3 mm (progeny 14). According to Ferreira et al. (2014) the stem of the coffee plant contains reserve tissues that represent an important source of carbohydrates to supply the vegetative and reproductive demands of plants. A larger stem diameter also contributes to reduce the tendency of the plants to tip, thus improving the management of coffee trees.
Plant vigor scores sum up, in the view of a breeder, the overall performance of the plant. There was low variation in plant vigor, which ranged from 7.5 (progeny 17) to 7.9 (progeny 14); the mean value is much higher than that found by Fazuoli et al. (2005) in "Mundo Novo" progenies in Campinas, SP. According to Severino et al. (2002) , high plant vigor correlates positively with the adaptation of the cultivar to the environment. Therefore, a selection process that considers plant vigor may favor the selection of plants with a lower possibility of depletion and greater longevity.
In general, the average stem diameter of 56% of progenies was higher than the general average; for other traits (yield, %S17, and vigor), only 36% of progenies had averages that were above the general average. For plant height, upper canopy diameter and lower canopy diameter, the aim of the selection was to decrease the average, and in this case, 56%, 48%, and 36% of the progenies, respectively, had averages below the general average.
Experimental Field of Três Pontas
Mean yields ranged from 23.7 sc ha -1 (progeny 8) to 29.7 sc ha -1 (progeny 22). Progeny 22 was the most productive at both sites. Similar results were found by Raso et al. (2015) , who observed average yields of 29.7 sc ha -1 in cultivars of "Mundo Novo" in Três Pontas-MG (Table 4) . There is no strong correlation between rankings considering the both sites, this shows the presence of genotypes by environments interaction (GEI) also observed by Carvalho et al. (2010) , and Beksisa et al. (2018) that effectively determined the existence of GEI among Coffea arabica genotypes.
The %S17 values ranged from 19.2% (progeny 20) to 30.4% (progeny 3). In comparison to the other site, the average %S17 was lower by 4.5%.
Plant heights ranged from 2.89 m (progeny 20) to 3.08 m (progeny 15). The level of variation observed among the progenies is slightly higher than in São Sebastião do Paraíso. This level of variation favored a higher level of selective accuracy at the progeny level (73%).
The lower canopy diameters ranged from 2.09 m (progeny 11) to 2.40 m (progeny 9) while the upper canopy diameter ranged from 1.69 m (progeny 8) to 1.91 m (progeny 9). In the São Sebastião do Paraíso, progeny 9 also had a larger lower canopy diameter.
The stem diameters varied from 64.8 mm (progeny 8) to 74.7 mm (progeny 18). The general mean was 6.6 mm lower than in São Sebastião do Paraíso, which can be explained by the different management and cultivation practices in each site.
Plant vigor scores varied between 5.9 (progeny 17) and 7.5 (progeny 13), which was a higher level of variation compared to the previous site and reflects a higher mean score at the progeny level. A similar trend was observed for plant height, which shows how much these two characteristics are heavily influenced by the environment.
The percentage of progenies that had averages above the general average for yield, %S17, stem diameter and vigor were 64%, 48%, 56% and 60%, respectively. These percentages, except for stem diameter, were higher at this location. There were no differences between sites in the percentages of progenies that had averages above the general average for case upper and lower canopy diameter and plant height.
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Selection
We simulated the selection of two progenies for each trait and the selection gain was quantified considering the general mean of the progenies and the check (Table 5) .
For both sites, the highest gains were observed for the %S17, thus, the population subjected to the selection process has a high level of genetic variability for grain size and the possibility exists to obtain greater success in the selection for ID: identification of progeny this trait. Negative gains refer to the traits that are selected based on their reduction compared to the average; among them, plant height presented the lowest gain of selection in São Sebastião do Paraíso. In contrast to plant height, in Três Pontas, the selection gain for productivity was not as significant as that in São Sebastião do Paraíso. These results show how much the environment can interfere with genotypic characteristics and selection as found by Ferreira et al. (2005) . Falconer (1996) reported that it is possible to achieve faster progress through a correlated response rather than through the direct selection of the desired trait. In order to summarize the characteristics and to carry out the simultaneous selection, the sum of ranking at each site is presented in Table 6 . 
